Introduction {#s0005}
============

The pandemic COVID-19 is spreading rapidly all over the world. At present, the search for a therapy to this viral disease is in a 'to leave no stone unturned' situation. Washing with soap is recommended for hand hygiene for preventing the spread of COVID-19. Interestingly, the damage to coronavirus spike proteins leads to the virus inactivation [@b0005]. Soaps and detergents are classified under surfactants and are widely explained as damaging peplomers or spike proteins. Inactivation of the Ebola virus, a virus showing spike-protein mediated host attachment, by surfactant nanoemulsion is ideal support for this hypothesis [@b0010]. Surfactants are approved and widely used as pharmaceutical inactive ingredients. Surfactants, including biosurfactants, have been known to have antiviral properties. But their potential in prophylaxis and therapy against COVID-19 is still not explored. Therefore, this hypothesis analyzes the possibility and speculates the use of surfactants against SARS-CoV-2 peplomers for the prophylaxis and treatment of COVID-19.

Hypothesis {#s0010}
==========

Here we postulate that a simple surfactant-based gargle would be enough to stop the spread of this pandemic. In addition to gargle, surfactant-loaded throat paint, mouthwash, nasal drops, and eye drops could be used for prophylaxis. This would be particularly useful among high-risk categories and health workers. In addition to prophylaxis, we postulate that surfactant therapy would be beneficial in the treatment of COVID-19. Further, the use of surfactant against COVID-19 would prevent the spread of this disease.

Surfactant-based prophylaxis against COVID-19 {#s0015}
=============================================

The major route of entry of SARS-CoV-2 is through nose and mouth, and to some extent through eyes. Throat (pharynx) is a common point of entry to the lungs from both mouth and nose. In the case of eyes too, it is described that the virus travels through the lacrimal and nasolacrimal ducts (the tear ducts) and then into the nose, throat, trachea, and finally lung [@b0015]. Thus, any virus accidentally entered through mouth, nose, and/or eyes could be stopped/inactivated at the pharynx or nasopharynx with the use of a surfactant-based gargle ([Fig. 1](#f0005){ref-type="fig"} a). Entrapment of viruses by surfactant micelles could also occur as a mechanism of inactivation. This would be possible when the critical micelle concentration (CMC) for a surfactant is achieved. Most surfactants have low CMC values. A high residence time of the virus in the pharynx would further enhance this prophylactic effect.Fig. 1The diagrammatic presentations of the prophylactic and therapeutic applications of surfactants against COVID-19 **(a)** how the surfactant-based gargle prevents COVID-19; **(b)** entry of SARS-CoV-2 virus into lung alveoli; **(c)** action of surfactant on the SARS-CoV-2 virus. The figure shows the inactivation of the virus by the action of surfactant on viral spike glycoprotein. The surfactant present in the interstitial fluid could also render the virus non-infective. The insert shows the internalization of the virus at low surfactant concentrations; **(d)** action of surfactant in circulation. The surfactant either inactivates the virus or coats the virus and renders it inactive.

A gargle is a widely used dosage form for throat infections and pain. Most importantly, gargles are considered as external preparations which render a high level of flexibility in choosing the excipients and actives for their preparation. In addition to gargle, similar effects could be expected from surfactant-loaded throat paint, mouthwash, nasal drops, and eye drops. Throat paints even contain chemicals such as phenol and iodine. So a surfactant-based gargle or throat paint would not be of any concern. Most of the aspects mentioned for gargles apply to throat paints and mouthwash too. Among these, surfactant-loaded throat paints also provide good promise for the prevention of infection. Based on the convenience of using gargle compared to throat paint, the former would be most suitable for prophylaxis.

Inclusion of antiviral agents, proteases, astringents (protein precipitants), etc are some of the possible modifications to achieve additional benefits in gargles and mouthwashes. The addition of some protein precipitants such as tannic acid would have added benefit in preventing viral infection. Nevertheless, their interactions should be studied with the surfactant. Their interaction should not interfere with the ability of surfactants to inactivate the virus by interacting with the spike glycoprotein.

The inhalation route would also prove to be useful in the prophylaxis of COVID-19. Inhalation drug delivery devices are helpful in such delivery of surfactants [@b0020]. Surfactants are already reported for pulmonary drug delivery [@b0025], [@b0030]. The use of surfactant in lung and tracheal infections without causing any damage to the cilia is also reported [@b0035]. On systemic delivery, the surfactant reaches both interstitial fluid and lung alveoli. Now when a virus enters the lungs, it has to encounter these surfactant molecules ([Fig. 1](#f0005){ref-type="fig"}b). We believe that surfactant therapy will prevent the attachment of the virus through its spike glycoproteins. The surfactant present at the alveolar surface could interfere with the spike glycoproteins resulting in their destruction. This would help avoid the infection when in contact with the virus ([Fig. 1](#f0005){ref-type="fig"}c).

Surfactant therapy against COVID-19 {#s0020}
===================================

Surfactant therapy is already in use for respiratory problems. It is reported that inhalation of lung surfactant improves respiratory diseases. The tremendous benefit of an artificial surfactant against the HINI virus has been proved in mice [@b0040]. Also, surfactants have some role in innate host defense during infections [@b0045]. Thus, it could be reasonably hypothesized that surfactant therapy would be promising in COVID-19 cases. A list of approved lung surfactants is presented in [Table 1](#t0005){ref-type="table"} [@b0050], [@b0055], [@b0060].Table 1Potential surfactants used in the pharmaceutical industry and approved for clinical use.Sl. No.Name/class of surfactantPresent approved useApproval details\[Ref.\]1Lung surfactants -- natural and synthetic \[E.g.: colfosceril palmitate (Exosurf®), beractant (Alveofact®), poractant alpha (Curosurf®), calfactant (Infasurf®), lucinactant (KL4®), pumactant (Artificial Lung Expanding Compound or ALEC), and recombinant human surfactant protein C (Lusupultide, Venticute®)\]Respiratory distress syndrome in neonates.USFDA approved lung surfactants[@b0050], [@b0055], [@b0060]2Polysorbate (non-ionic)Approved inactive ingredient in intravenous, inhalation (respiratory), oral, nasal, ophthalmic, topical, and other formulations. Useful for external preparations too.Included in the inactive ingredients database of USFDA. Included in Pharmacopoeia.[@b0110], [@b0115], [@b0120], [@b0125]3Poloxamer (non-ionic)Approved inactive ingredient in intravenous, inhalation (respiratory), oral, nasal, ophthalmic, topical, and other formulations. Useful for external preparations too.Included in the inactive ingredients database of USFDA. Included in Pharmacopoeia.[@b0110], [@b0120], [@b0125]4Sodium lauryl sulfate (anionic)Approved inactive ingredient in inhalation (respiratory), oral, topical, and other formulations. Useful for external preparations too.Included in the inactive ingredients database of USFDA. Included in Pharmacopoeia.[@b0110], [@b0120]5Cetrimide (cationic)Pharmaceutical aid and bactericide.Included in Pharmacopoeia.[@b0120], [@b0125], [@b0130]6Bile salt surfactantsEmulsifier and solubilizer. Used in combination with phospholipids in mixed micelles formulation.Used in marketed formulations[@b0135], [@b0140]7Phospholipids (zwitterionic)Emulsifier and solubilizer.Used in marketed formulations worldwide[@b0140], [@b0145]8Vitamin E TPGS (semi-synthetic)Solubilizer, absorption and permeation enhancer, and emulsifier.Approved by USFDA. Included in Pharmacopoeia.[@b0120], [@b0125], [@b0150]9Polyoxyl 35 castor oil (semi-synthetic)Emulsifying, solubilizing, and wetting agents.Included in Pharmacopoeia.[@b0120], [@b0125], [@b0130]

Lung surfactant is considered as a physiological barrier to viral infections. The lipid portion is mainly responsible for the antiviral activity [@b0065], [@b0070]. Inhibition of the H1N1 influenza virus is also possible with the lipid part [@b0075]. Yet another advantage of lung surfactant phospholipids is their inhibition of virus-mediated inflammation and infection. Palmitoyl-oleoyl-phosphatidylglycerol has shown such activity [@b0080]. Meanwhile, the antiviral activity of the protein part is also established [@b0085]. Moreover, it is noteworthy that the lung surfactant protein has the ability for selective recognition of SARS coronavirus spike glycoprotein and subsequent macrophage activation [@b0090].

Recently, the use of bear bile has been proposed against COVID-19 [@b0095]. Bile contains bile salts that can function as surfactants [@b0100]. We believe that these bio-surfactants present in the bear bile would have made a major contribution to the observed activity.

Now about the role of surfactant inside a cell, we postulate that the surfactant may reach the cells and the extracellular fluid. The surfactant would interfere with one or more steps of viral replication. Moreover, the spread of viruses from one cell to the adjacent one might be interrupted by the presence of a surfactant in the extracellular or interstitial fluid. This effect would be most important with the target site of SARS-CoV-2, the alveolar epithelial cell.

Surfactants against the spread of COVID-19 {#s0025}
==========================================

The next aspect or advantage of surfactant therapy is the prevention of virus spread. At first, let us consider the most common method of spread, the droplet contact transmission method. The presence of a surfactant near the cell membrane could interfere with the viral budding process by affecting the viral envelope formation. Each drop of the saliva of a patient could host millions of infective viruses which could be simply inactivated by the use of a surfactant-based gargle or mouthwash [@b0105]. Now assuming the possibility of viral spread through blood, and possibly other body fluids too, the surfactant molecules in circulation would either coat the virus or destroy its peplomer and this renders it non-infective ([Fig. 1](#f0005){ref-type="fig"}d). Most importantly, these mechanisms could result in the loss of contagiousness of a patient. Therefore, we believe that surfactant-based methods could prevent the spread of this pandemic. Moreover, if we could demonstrate the utility of this method, it would be a solution to stop such viral infections in the future too.

A description on selected surfactants useful for the prophylaxis and/or therapy of COVID-19 is provided in the [supplementary material](#s0045){ref-type="sec"} along with other details regarding the validity of the proposed hypothesis.

Testing of the hypothesis {#s0030}
=========================

Two aspects should be studied to identify the potential of surfactant-based strategies against COVID-19. The first one is to identify the surfactant and its concentration or dose for its use. The critical micelle concentration would be the best point to start with for every surfactant. The second one is to check its safety profile for the intended use and route of administration. The *in vitro* studies would be sufficient for the primary screening of the surfactant and the required concentration or dose. A detailed study of the effect of surfactant on viral spike protein would be appropriate at this stage. Many surfactants are approved for pharmaceutical use as inactive ingredients and therefore issues related to safety will not be a concern ([Table 1](#t0005){ref-type="table"}) [@b0110]. The hypothesis may be tested under two categories. In one type of testing, the prophylactic action should be studied. In the other, therapeutic effect should be studied.

Conclusion {#s0035}
==========

We believe that our hypothesis would stimulate debate or new research exploring the possibility of surfactant-based prophylaxis and therapy against COVID-19. The future and required clinical trials on surfactant-based therapeutics against COVID-19 would be further dependent on how this pandemic emerges in the future. It is presumed that this hypothesis would trigger some research in this unconventional approach against COVID-19.
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